Background: Existing data suggest that physical activity reduces colon cancer risk, but the association is not consistently observed in women. One potential explanation for this inconsistency is that hormone therapy, which is associated with lower colon cancer risk, acts as a modifier of the physical activity/colon cancer relationship. Methods: Participants in the California Teachers Study (N = 120,147), a prospective cohort of female teachers and administrators residing in California, ages 22 to 84 years at baseline and with no prior history of colon cancer were eligible for study. Between 1996 and 2002, 395 patients were diagnosed with invasive colon cancer. The relative risks (RR) associated with lifetime (high school through age 54 years or current age) and recent (past 3 years) strenuous and moderate recreational physical activity were estimated using Cox proportional hazards regression models. Results: Combined lifetime moderate and strenuous recreational physical activity was only modestly associated with colon cancer risk in the cohort [z4 versus V0.5 h/wk/y: RR, 0.75; 95% confidence interval, 0.57-1.00; P trend = 0.23].
Introduction
Colorectal carcinogenesis is a multistep process that can be influenced by behavioral factors such as physical activity and diet (1, 2) . Garabrant et al. first reported an association between physical activity and colon cancer risk after observing that men with sedentary jobs had higher colon cancer risk than men with jobs requiring strenuous activity (3) . Since then, several cohort and case-control studies have confirmed that both occupational and recreational physical activities are inversely associated with colon cancer, particularly among men (4) (5) (6) (7) (8) (9) (10) . The risk reduction associated with physical activity has not been observed consistently for women, with some studies showing no statistically significant relationship (11) (12) (13) (14) (15) . Yet, physical activity was associated with a lower colon cancer risk among women ages 30 to 55 years in the Nurses' Health Study II (16) . The exact mechanisms by which physical activity reduces colon cancer risk remain unclear but could involve decreased bowel transit time, decreased serum cholesterol levels, increased bile acid metabolism, increased immune function, altered circulating levels of insulin and insulin-like growth factor-I (IGF-I), and changes in prostaglandin levels (4, (17) (18) (19) (20) . Moreover, the effect of intensity, duration, and timing of physical activity on women's colon cancer risk has not been clearly defined.
The reason why the findings are less consistent for women is unclear. Because hormone therapy is associated with reduced risk of colon cancer among postmenopausal women (10, (21) (22) (23) (24) (25) (26) (27) , it may mask any beneficial effects of physical activity on colon cancer risk among women with a history of hormone use. To understand better the interplay between physical activity, hormone therapy use, and colon cancer risk, we examined in detail the relationship between recreational physical activity measures and invasive colon cancer among women in the California Teachers Study, a population in which hormone therapy use was exceedingly common.
Materials and Methods
Study Population. A detailed description of the California Teachers Study has been reported previously (28) . In brief, the California Teachers Study is a prospective cohort of current, recent, and retired female public school teachers and administrators who were members of the California State Teachers Retirement System at the time of study inception in 1995. Cohort members completed a detailed questionnaire, mailed in 1995, providing information on personal medical history, family history of colon and rectal cancer, reproductive factors, hormone therapy use, other medication use, and lifestyle factors (recreational physical activity, diet, alcohol consumption, and smoking). Use of human subject data in this study was approved by the University of Southern California Institutional Review Board in accord with an assurance filed with and approved by the U.S. Department of Health and Human Services.
A total of 133,479 women comprise the California Teachers Study cohort. For this analysis, we excluded in sequence women who had a prior history of colon or rectal cancer (n = 896) or whose history of cancer was unknown (n = 662), who were living outside California at the time they completed the baseline questionnaire (n = 8,867), who limited their participation in the cohort to breast cancer research (n = 18), who were 85 years or older at baseline (n = 2,115), or who had incomplete information on physical activity (n = 774). The resulting analytic cohort for this report consisted of 120,147 women. Analyses of physical activity by menopausal status excluded women with unknown menopausal status (n = 10,331), and analyses of the interaction between physical activity and hormone therapy use excluded postmenopausal women with missing hormone therapy information (n = 573).
Case Ascertainment and Follow-up. Incident diagnoses of invasive adenocarcinoma of the colon (International Classification of Diseases for Oncology topography codes C18.0-18.9) were identified through annual linkages with the California Cancer Registry. The California Cancer Registry receives reports of over 99% of all cancer diagnoses occurring in California from its regional registries as part of a state mandate (29) . Overall, 395 California Teachers Study participants considered eligible for analysis were diagnosed with invasive adenocarcinoma of the colon during follow-up.
Follow-up began on the date the baseline questionnaire was completed and continued until the first diagnosis of colon cancer or the first occurrence of a censoring event: a move outside of California (defined as having left California for >4 months; n = 5,834), a diagnosis of rectal cancer (International Classification of Diseases for Oncology topography codes C19.9 and C20.9; n = 140) or in situ colon cancer (n = 38), death (n = 4,512), or the end of the follow-up period on December 31, 2002. The restriction requiring that women not leave California for >4 months was imposed to insure that cohort participants would be identified by the California Cancer Registry regional registries at diagnosis or during the first course of treatment. Residence in California was determined by close monitoring of the cohort using annual mailings of newsletters or questionnaires, annual linkage with the U.S. Postal Service National Change of Address database, and change-of-address postcards submitted by participants. Data on date and cause of death were obtained from the California state mortality files and the Social Security Administration death master file.
Measures of Recreational Physical Activity. Participants provided detailed information on the baseline questionnaire regarding their recreational physical activities during a series of time periods in their lives (while in high school; between the ages of 18 and 24, 25 and 34, 35 and 44, and 45 and 54 years; as well as during the 3 years before completing the questionnaire). For each time period, they were asked to indicate the average amount of time spent participating in all moderate activities (examples given for this question include brisk walking, recreational tennis, volleyball, golf, softball, and cycling on level street) and in all strenuous activities (examples given include swimming laps, aerobics, calisthenics, running, jogging, cycling on hills, and racquetball). Participants reported the average number of hours per week (categories: none, 0.5, 1, 1.5, 2, 3, 4-6, 7-10, and z11 h) and average number of months per year (categories: 1-3, 4-6, 7-9, and 10-12 months) they engaged in strenuous physical activities and in moderate physical activities. For each time period, we created separate ''hours per week'' variables for strenuous and moderate physical activity by multiplying the hours spent per week by the portion of the year in which the woman engaged in the activity. We assigned the midpoint value of the categories in making these calculations and assigned a value of 12 for the category z11 h/wk. We also summed the strenuous and moderate activity variables for each physical activity time/age period to create a third measure, ''strenuous plus moderate activity.'' Lifetime physical activity was calculated for each participant by multiplying the average hours per week per year of activity done during a time period (high school and between the ages of 18-24, 25-34, 35-44, and 45-54 years) by the number of years the woman spent in the relevant time period and then summing across all time periods. We then divided this cumulative measure by the total number of years spent in all of the time periods. This provides an average annual lifetime (beginning with high school through current age if <55 years at baseline) or quasi-average annual lifetime (if 55 years or older at baseline) measure of physical activity for each woman. All physical activity variables were created for strenuous activities, moderate activities, and a combined strenuous plus moderate activity variable. We categorized lifetime strenuous activity and lifetime moderate activity measures into three groups (V0.50, 0.51-1.99, and z2.00 h/ wk/y). The summed measure, average annual hours of strenuous plus moderate activity, was also classified into three groups (V0.50, 0.51-3.99, and z4.00 h/wk/y).
Assessment of Colon Cancer Risk Factors. We collected information on other potential colon cancer risk factors in the baseline questionnaire, including race/ethnicity, family history of colon or rectal cancer, history of colon or rectal polyps, hormone therapy use, oral contraceptive use, nonsteroidal anti-inflammatory drug use, height, weight, diet, smoking history, and alcohol consumption (30) . Hormone therapy use was asked separately for estrogen and progesterone. For estrogen, questions were asked about Premarin as well as other estrogens used. Dose of Premarin, ages of first and last use, and duration of use were collected separately from that of other estrogen formulations where information was collected on mode of administration (pill, patch, injection, and vaginal cream), ages at first and last use, and duration of use. For progesterone, participants were asked to report the type of progesterone used (medroxyprogesterone or Provera versus other types of progesterone), ages at first and last use, years of use, days per month of use, and dose.
Dietary intake was assessed using the validated 1995 version of the Block food -frequency questionnaire focusing on the year before baseline (30) . Dietary assessment included questions on the frequency of consumption and portion size of 103 food and beverage items or groups, vitamin supplement use, alcohol consumption, and cooking practices. Daily intake of calories, total calcium and folate intake, dietary fiber, and alcohol consumption were calculated based on the questionnaire for each woman as previously described (30) .
Body mass index was categorized into five groups: <20, 20-24.99, 25-29.99, and z30 kg/m 2 and unknown. Menopausal status and hormone therapy use were combined into six categories: premenopausal, postmenopausal/never used any hormone therapy, postmenopausal/used only unopposed estrogen, postmenopausal/used only an estrogen plus progesterone regimen, postmenopausal/used both unopposed estrogen and estrogen plus progesterone regimen, and unknown as to menopausal status or hormone use status. Menopausal status was based on age at baseline, age at last menstrual period, reason for cessation of menstrual periods, and oophorectomy and hysterectomy status. Women whose menstrual periods stopped within 6 months of the baseline questionnaire were classified as perimenopausal and combined with premenopausal women for the analyses presented here. Postmenopausal women were those with a last menstrual period more than 6 months before the baseline questionnaire, including women with bilateral oophorectomy. Women older than 55 years of age who were not classified as premenopausal or perimenopausal were also considered postmenopausal. Menopausal status was considered unknown for women ages 55 years or younger whose menstrual periods were terminated by a hysterectomy but who did not have bilateral oophorectomy or who were taking hormone therapy at baseline but had not experienced a last menstrual period before starting hormone therapy use.
Statistical Analyses. We used multivariable Cox proportional hazards regression methods (31) to estimate the association between physical activity and colon cancer risk. Hazard rate ratios, presented as relative risks (RR), with 95% confidence intervals (95% CI) were estimated using ages in days at the start and the end of follow-up as the time metric. Models used to evaluate the relationship between the individual physical activity measures and colon cancer risk were stratified by age at baseline in years and adjusted for race (White versus Black and other). We assessed the effect of our combined menopausal status hormone therapy use variable, nonsteroidal anti-inflammatory drug use (no regular use, <5 years, and z5 years), body mass index, smoking (nonsmokers versus lifetime pack-years of exposure in quartiles: 0.05-5.73, 5.74-11.99, 12.00-23.05, and z23.06), total caloric intake (600-1,200, 1,201-1,500, 1,501-1,900, and z1,901 kcal/d), total folate intake (<250, 251-500, 501-750, and z751 Ag/d), total calcium intake (<500, 501-750, 751-1,000, and z1,001 mg/d), and total dietary fiber intake (<10, 10-13.9, 14-17.9, and z18 g/d) on risk estimates. None of these factors altered risk estimates by at least 10%; thus, none were included in the final models. Tests for trend in the RR were done for each physical activity variable by fitting the median value for each activity level as a continuous variable in the age-stratified, race-adjusted models.
We examined the effect of physical activity on colon cancer risk according to the anatomic subsite of the tumor and the extent of disease. We grouped colon subsites into proximal colon (International Classification of Diseases for Oncology topography codes C18.0 and C18.2-C18.5) and distal colon (C18.6 and C18.7). Cases with nonspecific subsite (C18.8), overlapping subsite (C18.9), or subsite in the appendix (C18.1; total n = 16) were not included as cases in the subsite analyses and were censored at the time of diagnosis. Localized and nonlocalized colon cancer cases were categorized according to the Surveillance, Epidemiology and End Results summary stage indicator (32) . Cases with unspecified extent of disease (n = 12) were not included as cases in the extent of disease analyses and censored at the time of diagnosis. Information on anatomic subsite and stage of colon cancer at diagnosis was obtained from the California Cancer Registry files. Differences in stage distribution across physical activity levels were examined using m 2 test. We evaluated the possibility of heterogeneity of risk estimates by subsite and extent of disease using a m 2 test (with 1 degree of freedom) based on the squared difference in the log RR estimates for two subgroups divided by the sum of the variances of the RR.
We examined effect modification for the entire cohort by age at baseline (<55 versus z55 years), menopausal status (premenopausal versus postmenopausal), body mass index (<25 versus z25 kg/m 2 ), smoking (never versus ever), and folate intake (<250 versus z250 Ag/d). Women with unknown values for any of these variables were excluded from the corresponding analyses. A likelihood ratio test was used to examine homogeneity of trends comparing the model fitting trends in two groups to the model fitting only one trend for physical activity.
Several approaches were used to check the proportional hazards assumption for each physical activity variable. We visually examined Kaplan-Meier survivor curves and plotted scaled Schoenfeld residuals, for which parallel lines indicated proportionality of hazards (33) . We also assessed the correlation of the scaled Schoenfeld residuals with age, and we examined the interaction of our activity variables with age (the time metric used). We did not observe any violations of the proportionality assumption. Two-sided Ps are reported for tests for trend and tests for interaction. We did not adjust Ps for multiple comparisons. All statistical analyses were done using SAS version 9.1.
Results
By design, all participants in the eligible cohort were younger than 85 years of age. The overall mean length of follow-up of the cohort was 6.6 years. The average age for women diagnosed with invasive colon cancer was 70 F 11 years (range, .
Approximately 21% of the women in the analytic cohort reported participating in no more than 0.5 h/wk of moderate recreational physical activity annually between high school and age 54 years (or current age, if younger than 54 years), whereas f44% reported at least 2 h/wk of activity annually (Table 1) . Women who reported higher levels of recreational physical activity were more likely to be White, younger in age and therefore premenopausal, and less likely to smoke. Caloric intake and consumption of folate, calcium, and fiber increased with increasing levels of activity.
For all women in the cohort, colon cancer risk was modestly associated with moderate and moderate plus strenuous physical activity (Table 2 ). Moderate plus strenuous activity was associated with a 25% risk reduction among women who exercised at least 4 h/wk/y over their lifetimes compared with women with little (V0.5 h/wk/y) activity (RR, 0.75; 95% CI, 0.57-1.00; P trend = 0.23). Measurement of strenuous lifetime activity alone had no effect on risk. We examined the effect of physical activity in different age and time periods (high school through ages 45-54 years) and observed no significant association between physical activity and colon cancer risk (data not shown). Recent moderate activity (within the past 3 years) was associated with a reduction in colon cancer risk (for z2 versus V0.5 h/wk: RR, 0.78; 95% CI, 0.62-0.97; P trend = 0.02); however, similar to lifetime activity, recent strenuous activity was unrelated to risk. Of the 379 cases occurring at a nonoverlapping site, 272 (72%) were proximal cancers, and of the 383 cases with a documented stage, 243 (63%) were nonlocalized disease at diagnosis. We evaluated the association between physical activity and colon cancer risk by anatomic sites (proximal versus distal) and by extent of disease at diagnosis (localized versus nonlocalized) but did not observe any meaningful differences in the risk estimates (Table 2 ). In addition, the distribution of localized and nonlocalized disease did not differ across the three physical activity levels (e.g., P = 0.74 for lifetime strenuous plus moderate physical activity).
We had few premenopausal colon cancer cases in the lowest lifetime physical activity category (V0.5 h/wk/y) and few premenopausal cases with substantial amounts of recent activity (Table 3 ). Although we found no strong evidence that lifetime recreational physical activity was associated with lower risk of colon cancer among premenopausal women, the results for at least 2 h/wk of recent strenuous activity and recent moderate activity are consistent with a reduced risk. Results for postmenopausal women are similar to those observed for the entire cohort. We found no statistical evidence of effect modification by menopausal status (P > 0.19 for all physical activity measures).
Seventy-four percent of the postmenopausal women in this analytic cohort had used hormone therapy (Table 1) . Among postmenopausal women who had never used hormone therapy, lifetime moderate plus strenuous physical activity was associated with a reduction in colon cancer risk (Table 4) . Compared with women whose lifetime activity averaged V0.5 h/wk/y, those who averaged at least 4 h/ wk/y had a 49% reduction in risk of colon cancer (RR, 0.51; 95% CI, 0.31-0.85; P trend = 0.02). Moderate activities seem to account for most of this reduction in risk (for z2 versus V0.5 h/wk/y: RR, 0.67; 95% CI, 0.43-1.03; P trend = 0.07 for moderate activity and RR, 0.80; 95% CI, 0.51-1.26; P trend = 0.42 for strenuous activity). Among hormone nonusers, RR estimates for physical activity in the past 3 years were similar to those for lifetime activity. Hormone therapy use reduced colon cancer risk in postmenopausal women; however, we found no evidence of further risk reduction due to physical activity among hormone therapy users. The likelihood ratio test was of borderline statistical significance for interaction between hormone therapy use and lifetime strenuous plus moderate physical activity (P = 0.05). We display the joint effects of physical activity and hormone therapy use in Table 5 . As is apparent, there is no joint protective effect of both hormone therapy use and physical activity. To the contrary, our previous table suggests that physical activity only had a protective effect among hormone therapy nonusers. Table 5 shows that the protective effect of physical activity overall seems to be rather similar to that afforded by hormone therapy use (regardless of physical activity level).
The results for hormone therapy users did not vary by type of hormone therapy used (estrogen use only versus estrogen use with a progestin; data not shown). We observed no statistical evidence for effect modification by age, smoking status, level of folate intake, or body mass index (data not shown).
Discussion
We observed modest inverse associations between recreational activity and colon cancer risk for both lifetime and recent moderate recreational activity as well as for our combined measure (strenuous plus moderate physical activity). Measurement of strenuous physical activity alone was not associated with colon cancer risk. Thus, moderate activity seems to have had a stronger influence on colon cancer risk in our cohort than strenuous activity, a finding that might seem to be at odds with our expectation. Similar results were observed in a Norwegian cohort study that found, among women, a greater reduction in the relative risk of colon cancer associated with moderately active recreational physical activity (RR, 0.62; 95% CI, 0.40-0.97) than for regular training (strenuous) recreational activity (RR, 0.84; 95% CI, 0.43-1.65; ref. 34) . During follow-up of the Norwegian cohort (from the mid-1970s through 1991), hormone therapy use was less prevalent in Norway (35) than it was in population-based studies from the United States (36, 37) .
Results from previous cohort studies on the association between physical activity and colon cancer risk in women have been inconsistent (6) . The results from several studies have been null (11, 12, 14) , whereas others have shown an inverse relationship of decreasing colon cancer risk with increasing amounts of activity (9, 16) . Physical activity was not associated with decreased large bowel cancer risk among women in the Framingham Study (12) or among women in a cohort of residents in a retirement community (11) . Similarly, Calton et al., with f9 years of follow-up, did not observe any association between moderate, vigorous, or overall physical activity in the year before data collection and colon cancer risk in the Breast Cancer Detection Demonstration Project Followup Study (15) . On the other hand, results from the Nurses' Health Study, with f6 years of follow-up, showed that leisure time activity during the year before data collection was inversely associated with colon and, particularly, distal colon cancer risk (16) . Compared with women with an energy expenditure level of <2 MET-hours per week, women with the highest level of metabolic energy expenditure (>21 MET-hours per week) had a 46% reduction in risk for colon cancer overall and 71% reduction in risk for distal colon cancer (16) . We found no differences in the associations between physical activity and colon cancer risk by anatomic subsite (proximal versus distal).
Most previously published cohort studies focused on physical activities close in time to the baseline assessment (usually within 1-3 years of data collection). In this study, we did not observe any significant differences in the effects of the lifetime (or quasi-lifetime) measure of physical activity and the measure of physical activity in the 3 years before baseline questionnaire submission on colon cancer risk. Nor were we able to identify any period of time (between high school and age 54 years) where physical activity provided a greater degree of protection from colon cancer.
Several mechanisms have been proposed to explain the possible relationship between physical activity and colon cancer risk. Physical activity may decrease bowel transit time and thus reduce exposure of colonic mucosa to mutagens and carcinogens in feces (18, 38) . A second potential mechanism involves insulin metabolism. High insulin and IGF-I levels have been implicated in the regulation of cell proliferation, differentiation, and apoptosis and have been associated with increased colon cancer risk in several studies (19, 39) . Physical activity improves insulin sensitivity by reducing circulating insulin levels and may influence IGF-I and IGF-binding protein levels (4, 5, 19) . Physical activity also may alter the metabolism of fecal bile acids whose high concentrations may be associated with increased colon cancer risk (17, 38, 40) . Modification of prostaglandin levels is another potential means by which physical activity lowers colon cancer risk. Prostaglandin E 2 was found to induce colonic cell proliferation and decrease intestinal motility, whereas prostaglandin F 2 was found to reduce cell proliferation and increase intestinal motility (4, 17) . Physical activity has been shown to result in elevated prostaglandin F 2 levels and reduced prostaglandin E 2 levels (4, 17).
We assessed whether the effect of physical activity on colon cancer risk was influenced by hormone therapy use to see if this explained the inconsistent results reported for prior studies. Two other studies have examined this potential effect modification (10, 15) . Postmenopausal hormone use did not modify the association between physical activity and colon cancer risk among women participating in the Breast Cancer Detection Demonstration Project Follow-up Study (15) . The interaction between body mass index and physical activity was examined in a large case-control study for women who were either premenopausal or postmenopausal and using hormone therapy (estrogen positive women) as well as for women who were postmenopausal and not using hormone therapy (estrogen-negative women; ref. 10). Results for both groups of women were similar. In our study, among postmenopausal women who reported no hormone therapy use, lifetime physical activity was associated with decreased colon cancer risk. However, we did not observe any risk reduction associated with physical activity in postmenopausal women who had used hormone therapy. It is not clear why our findings differ from those of the two earlier studies.
The Women's Health Initiative clinical trial results as well as those of cohort and case-control studies show that hormone therapy users have lower colon cancer risk than nonusers (21) (22) (23) (24) (25) (26) (27) . Our findings showed evidence of ''single and joint'' protective effects (41) of physical activity and hormone therapy use on colon cancer, with physical activity having a stronger protective effect among hormone therapy nonusers.
How hormone therapy exerts its protective effect on colon cancer is not well understood. Among the mechanisms proposed are altered bile acid metabolism, direct effects on intestinal mucosa, and changes in insulin and IGF-I levels (23, 27, 42) . In a study of anovulatory women, bile acid production was lower while they were taking Premarin than when they were not taking Premarin (43) . Another speculation is that estrogen is involved in colonic mucosa differentiation and proliferation via the estrogen receptor in the epithelial cells (42, 44) . Estrogen replacement therapy reduces circulating IGF-I levels by f20% to 40%, with higher and more persistent effects seen with oral administration compared with other routes of administration. Progestins, on the other hand, reverse the effects of estrogen on IGF-I levels according to their androgenicity (45, 46) . If changing IGF-I levels is the main mechanism of action through which hormone therapy reduces colon cancer risk, a stronger protective effect would be expected for estrogen alone compared with combined estrogen and progesterone. In the Women's Health Initiative study, however, a reduction in colorectal cancer risk was observed among postmenopausal women taking combined estrogen and progesterone but not among those who took estrogen alone (27, 47 ). We did not observe different physical activity/ hormone therapy interaction effects among women who had only use estrogen therapy compared with women whose hormone therapy included a progestin.
Based on our findings, it is possible that physical activity and hormone therapy exert their protective effect on colon cancer risk through common pathways. However, it is also possible that the two risk factors operate independently on risk, but that the effect of hormone therapy overwhelms any potential effect of physical activity.
With the recent decline in postmenopausal hormone therapy use (48) (49) (50) resulting from the findings of the Women's Health Initiative Trial, our result suggests that physical activity may offer one approach to colon cancer risk reduction.
Potential limitations of our study must be considered. These include the short duration of follow-up (6.6 years) resulting in only a modest number of cases available for analyses (n = 395). Consequently, we were able to perform only limited analyses of interactions. Furthermore, we did not collect information on colon cancer screening practices in the cohort at enrollment or during follow-up. Colorectal cancer screening can be effective in reducing cancer incidence and mortality through polypectomy and early detection (51) (52) (53) (54) (55) . It is possible that screening practices vary among women with different physical activity profiles, and that this may have influenced our results. To determine if there is evidence of an association between engaging in nonoccupational physical activity and colorectal cancer screening practices among residents in California, we examined the 2004 data collected by the Center for Disease Control and Prevention's Behavioral and Risk Factor Surveillance System in California, where concurrent reports on colorectal cancer screening and physical activity were available (56) . In this data set, individuals over age 50 years who reported ever having had colorectal cancer screening with either fecal occult blood test or endoscopy (sigmoidoscopy or colonoscopy) were no more likely to report engaging in nonoccupational physical activity in the previous month than unscreened individuals. However, these data do not have information pertaining to levels of physical activities in the past. In addition, because a number of studies have shown that colorectal cancers diagnosed, either at the time of initial screening or during follow-up, were more likely to be of earlier stages (57), we might expect that a higher proportion of early-stage disease among groups with higher prevalence of screening. In this cohort, the proportion of localized disease is similar to the stage distribution observed in the 1998 to 2001 cancer incidence data from 41 U.S. population-based registries (58) . We also did not find any significant differences in the stage distribution across physical activity levels.
Our study has also several advantages. It is a prospective cohort study with a large sample size. Furthermore, colon cancer case ascertainment was virtually complete based on linkage with the high-quality, statewide California Cancer Registry. At baseline, all women were currently or recently employed teachers or school administrators or were receiving retirement benefits from the State Teachers Retirement System. Within any age cohort, these women would therefore be more likely to have similar levels of occupational physical activity. Because we used age as the time metric in our analyses, this ensured that women of the same age (and likely same occupational status) were compared with each other. In addition, we collected detailed information on physical activity over several time periods from high school to age 54 years. Thus, we were able to examine the effect of not only the intensity but also the timing and duration of physical activity on colon cancer risk.
In summary, our study showed a modest protective effect of recreational physical activity on colon cancer risk overall in a large group of women. Physical activity was strongly associated with colon cancer risk in postmenopausal women who had not previously used hormone therapy. However, no association was observed for postmenopausal women with a history of hormone therapy use. The explanation for this finding may involve the underlying mechanisms through which physical activity and hormone therapy influence colon carcinogenesis. Longer follow-up with repeated assessment of physical activity in our cohort as well as additional studies are needed to confirm our observation. Studies are also needed to understand better the biological mechanisms by which physical activity and hormone therapy influence colon cancer risk in women.
